The mixed-ligand picolinato (pic) complex of Cu(II) with imidazole (im), [Cu(pic) 2 (im) 2 ] ·2H 2 O, was synthesized and characterized by elemental analysis, magnetic susceptibility, spectral methods (UV/vis and FT-IR), simultaneous TG, DTA techniques, mass spectroscopy, and X-ray diffraction. The complex crystallizes in the monoclinic space group Cc with the following unit cell parameters: a = 16.381(1), b = 9.556(1), c = 5.177(1)Å, β = 119.074(5) • , Z = 4. In the octahedral complex, the picolinato ligands are coordinated to the copper(II) ion as bidentate N, O-donors forming chelate rings. The imidazole ligands are N-coordinated at cis positions. The thermal decomposition pathway of the complex has been studied by the help of thermal analyses data (TG and DTA) and of the mass spectroscopic fragmentation pattern. The volatile products observed in the thermal decomposition process were also observed in the mass spectrometer ionisation process, except for the molecular peak, and it was concluded that the ionisation and thermal decomposition pathways of the complex resemble each other.
Introduction
Pyridinecarboxylic acids and their derivatives are present in many natural products. They are also of special interest to medicinal chemists because of the wide variety of physiological properties displayed by the natural and also many synthetic derivatives [1] . For example, picolinic acid is one of the metabolites of tryptophan [2] . Zinc(II) pyridine 2-carboxylate has healing effects against Herpes Simplex virus [3] . The picolinic acid (pyridine 2-carboxylic acid, pic) is the body's prime natural chelator. The picolinato ligand is able to chelate with metal ions and can display widely varying coordination behaviour function as a multidentate ligand. It is the most efficient chelator for metal cations such as chromium, zinc, manganese, copper, iron and molybdenum when they are in the body. One of the ways to understand chemistry and properties of the picolinic acid is to study the structures of its metal complexes [4 -7] . Imidazole is a very important model 0932-0776 / 06 / 0900-1072 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com molecule since the imidazole ring occurs in a series of biological molecules such as in histidine, in Vitamin B 12 and biotin as well as in many chemotherapic agents [8] .
In this paper, we report the preparation, characterization by FT-IR and UV/vis measurements, thermal analyses data (TG and DTA), mass spectroscopic fragmentation pattern, and crystal structure of the cis-bis(imidazole)bis(picolinato)copper(II) dihydrate complex.
Results and Discussion

IR spectra
In the IR spectrum of the complex the broad band at 3435 cm −1 corresponds to the vibration of water molecules. The bands that appear at 3108 and 2992 cm −1 are due the absorption bands of the NH moiety of imidazole. In the IR spectrum of the free picolinic acid there is a strong absorption band at 1730 cm −1 for the COOH group. In the IR spectrum of the Cu(II) complex this absorption band is absent and the band due to the asymmetric stretch υ asym (COO − ) and symmetric stretch υ sym (COO − ) are observed at 1643 and 1353 cm −1 , respectively. The difference υ asym (COO − ) and υ sym (COO − ) being 290 can be taken as a proof of unidentate coordination of the carboxylate group to the central atom [9] . This is in good agreement with the results obtained from X-ray diffraction measurements. In the complex, the band at 1595 cm −1 can be attributed to the (-C=N-) stretching vibration. The M-O stretching vibration of the complex was observed at 455 cm −1 .
UV/vis spectra and magnetic susceptibility
The electronic spectrum of the [Cu(pic) 2 [10] . The absorption bands below 300 nm are due to intra-ligand transitions.
The magnetic susceptibility value of the complex is 1.67 BM corresponding to one unpaired electron.
Thermal analysis
Thermal analyses curves of the complex (TG and DTA) are given in Fig. 1 . The thermal behaviour of the complex was followed up to 600 • C in a static air atmosphere. The first stage of the thermal decompo- 
Analysis of the mass spectrum
The mass spectrum of any substance mainly reveals the most delicate and fragile points present in the structure of a molecule. It was assumed that the thermal process somewhat resembles the ionisation process [11, 12] . For this purposes, the mass spectrum of [Cu(pic) 2 (im) 2 ] ·2H 2 O complex was recorded to establish a relation between the thermal and ionisation process to formulate more appropriately the thermal decomposition pathway. The mass spectrum was recorded by the FAB technique. It is not very complicated and only a few major peaks appeared in significant quantities. No molecular ion peak was observed. Absence of the molecular peak may indicate that almost all of the molecular ion is decomposed in the ionization process. The peak observed at m/z = 445 possibly corresponds to the [Cu(pic) 2 2 as observed in the mass spectrum at m/z = 331. This may confirm that a picolinato ligand is thermally decomposed by the release of CO 2 . The observed ionisation products resemble the products predicted by the thermal analysis results. The decomposition products observed in the ionisation process are given in Fig. 2 . 
Crystallography
The structure of the title complex, [Cu(pic) 2 -(im) 2 ] · 2H 2 O, is shown in Fig. 3 and the crystallo- graphic data are summarized in Table 1. Tables 2 and 3 list bond lengths and angles and hydrogen-bonding geometries. The Cu(II) ion has a slightly distorted octahedral coordination geometry comprised of the two atoms N3 and N4, two carboxylate O atoms from deprotonated bidentate picolinate ligands, and two tertiary N atoms from imidazole molecules. Atoms N3 and O1 and N4 and O2 are bonded to Cu1 to form two five-membered chelate ring [N3-Cu1 = 1.988 (6) and O1-Cu1 = 2.320(4)Å; N4-Cu1 = 2.095(4) and O2-Cu1 = 2.257 (4) The C-O bond lengths are in the range 1.234(7) -1.279(9)Å, which is comparable with those in similar Cu(II) complexes [13] . However, in the Co(II) [13] , Ni(II) [14] and Mg(II) [15] complexes, the carboxylate group is asymmetric [C-O = 1.223(3) -1.278(2), 1.248(2) -1.253(2) and 1.243(2) -1.262(2)Å, respectively].
As shown in Table 1 , the lengths of the Cu-N bonds [1.988(6) -2.095(4)Å] are normal, and these distances are similar to other values reported in the literature [16] . The coordination of copper(II) clearly shows the geometrical pattern typical for the JahnTeller effect. The Cu1-N3 and Cu1-N4 distances are shorter than the Cu1-O1 and Cu1-O2 distances, and this results in the formation of an octahedral geometry elongated along the N atoms. The JahnTeller effect is also observed in the electronic spectra. This effect is common for analogous metal complexes, such as [17] [Cu1-N3 = 2.007(3) and Cu1-O1 = 2.383(3)Å] and [18] [Cu1-N2 = 2.006(2) and Cu1-O3 = 2.390(2)Å].
The title compound contains two pyridine rings and two imidazole rings. For simplicity, the four rings will be called A, B, C and D, corresponding to N3/C4-C8, N4/C10-C14, N1/N2/C1-C3 and N5/N6/C16-C18, respectively. The dihedral angles between the planes of the rings are A/C = 85.36(31), A/D = 23.99(44), (Table 3 , Fig. 4 ) and π-ring interaction (Fig. 5) . For the C2-H2. . . CgA (CgA with symmetry code: x + 1/2, 1/2 − y, 1/2 + z is the centroid of N3/C4-C8) π-ring contact, the distance between atom H2 and the centre of ring A (CgA) is 2.92Å, and the C2-H2. . . CgA angle is 132.7
• .
Experimental Section
Materials and measurements
All chemicals used were analytical reagent grade products. Imidazole was obtained from Merck. Picolinic acid was purchased from ACROS Organics.
The magnetic susceptibility measurement at r. t. was performed using a Sherwood Scientific MXI model Gouy magnetic balance. The UV/vis spectrum was obtained for the aqueous solution of the complex (10 −3 M) with a Unicam UV2 spectrometer in the range 900 -190 nm. The IR spectrum was recorded in the 4000 -400 cm −1 region with a Mattson 1000 FT-IR spectrometer using KBr pellets. A TG8110 thermal analyzer was used to record simultaneous TG and DTA curves in static air atmosphere at a heating rate of 10 Kmin −1 in the temperature range 20 -1000 • C using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference and the DTG sensitivity was 0.05 mg s −1 . The elemental and mass spectroscopic analysis was carried out at the TÜBİTAK Marmara Research Centre. Mass spectroscopic analysis was performed on a AGILENT 1100 MSD mass spectrometer.
X-ray structure determination
Data collection was performed on a STOE IPDS-II image plate detector using Mo-K α radiation (λ = 0.71073Å). Intensity data were collected in the θ range 1.5 -26.9 • at 296 K. Details of crystal structures are given in Table 1 . Data collection and cell refinement: STOE X-AREA [22] . Data reduction: STOE X-RED32 [22] . The structure was solved by direct methods using SHELXS-97 [23] . Anisotropic displacement parameters were applied to nonhydrogen atoms in a full-matrix least-squares refinement based on F 2 using SHELXL-97 [23] . All hydrogen atoms except those bound to O5 and O6 were placed in calculated positions and refined using a riding model, with C-H distances of 0.93 (aromatic), N-H distances of 0.86Å and with U iso (H) = 1.2U eq (C, N). Molecular drawings were obtained using ORTEP-III [24] . Software used to prepare material for publication: WinGX [25] .
Preparation of the [Cu(pic)
The [Cu(pic) 2 ] · 2H 2 O complex was prepared by the method reported earlier [26] . A solution of im (0.27 g, 4 mmol) in ethanol (10 ml) was added dropwise with stirring to a solution of [Cu(pic) 2 ] · 2H 2 O (0.69 g, 2 mmol) in distilled water (20 ml). The solution was heated to 60 • C in a temperature-controlled bath and stirred for 6 h. The reaction mixture was then cooled to r. t. The blue crystals formed were filtered and washed with 10 ml of cold distilled water and ethanol and dried in air. UV 
